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Mechanism of Flexibility Control for ATP Access of Hepatitis C Virus NS3
Helicase
Mirko Palla, Chien-Pin Chen, Yuan Zhang, Jingyuan Li, Jung-Chi Liao.
Hepatitis C virus NS3 helicase couples ATP binding and hydrolysis to polynu-
cleotide unwinding. Understanding its regulation mechanism of ATP binding
will facilitate targeting of ATP binding site for potential hepatitis C treatment.
T324, a residue connecting domain I and domain II of NS3 helicase, has been
suggested as part of a flexible hinge responsible for opening of ATP binding
cleft, although the detailed mechanism remains largely unclear. We used com-
putational simulation to examine the mutational effect of T324 on the dynamics
of ATP binding site. A mutant model of T324A of NS3 helicase apo structure
was created and energy minimized. Molecular dynamics simulation was con-
ducted for both wild-type apo structure and T324Amutant to compare their dif-
ferences. For the mutant structure, histogram analysis of pairwise distances
between residues in domains I and II (E291-Q460, K210-R464 and R467-
T212) showed that separation between the two domains was reduced by
~10% and the standard deviation was reduced by ~33%. Principal component
analysis (PCA) revealed a drastic change in the motion of first principal mode,
where the mutant structure moves differently from a scissor-like opening of do-
mains I-II of wild-type structure. RMS fluctuation (RMSF) analysis showed
residues in close proximity of residue 324 (S211 and E291 in domain I as
well as A458 and Q459 in domain II) have at least 30% RMSF value reductions
in the mutant structure. RMSF analysis of solvent showed more water mole-
cules are trapped near K210, S211, D290, and H293 in domain I as well as
T483 and D454 in domain II to form an extensive interaction network con-
straining cleft opening. Our mechanistic studies revealed that an atomic inter-
action cascade from T324 to residues in domains I and II controls the flexibility
of ATP binding cleft.
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Multidomain Dynamics of a Fatty Acid b-Oxidation Multienzyme Com-
plex Studied by Molecular Dynamics Simulation
Tadaomi Furuta, Tohru Terada, Akinori Kidera.
A fatty acid b-oxidation multienzyme complex (FOM) has been the subject of
intense investigation for the elucidation of the important role in the catabolic
processes for fatty acid utilization, serving as a ‘‘hub’’ in the metabolic net-
work. The crystal structures of FOM revealed that FOM forms a heterotetra-
meric structure of two a and two b subunits, which covers three steps of the
enzymatic reactions in the fatty acid b-oxidation. It has been proposed that
the process of the multi-step reactions needs significant structure changes as ob-
served in the large structural difference in the two crystal structures (Form I and
Form II; RMSD = 4.6 A˚). To examine the flexibility of FOM, we performed
100-ns molecular dynamics simulations for the two forms without ligands
(the systems contain almost 4x105 atoms). As the results of the simulations,
we observed extremely large conformational fluctuations (RMSD R 5 A˚) in
both forms. The center of mass of the a subunits (domains aM, and aC) moved
more than 10 A˚ against the b subunits. During the fluctuations, the domains in
the a subunits behave as rigid-bodies. We will discuss the structural basis of the
large flexibility. The conformational change upon ligand binding is also dis-
cussed using the linear response theory.
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Computational Investigation of the Effect of Ions on the Secondary Struc-
ture of Small Peptides
Timothy J. Gaborek, Jeffry D. Madura, Bonnie A. Merchant.
Experimental results show that ions affect the conformations of proteins in so-
lution. The mechanism by which ions create shifts in the conformational equi-
librium of proteins is not fully understood. Our
hypothesis is that ions modulate the hydration
of the peptide, which causes the shift in pep-
tide configurations. To test this hypothesis,
we have used MD simulations to investigate
peptide conformations in different salt solu-
tions at different concentrations. The primary
structure for the peptides studied is AX-
AAAXA, where X represents glutamate or ly-
sine. Salts used were chloride salts of sodium
and potassium for glutamate, while sodium
perchlorate and sodium sulfate were used for
lysine. Four different salt concentrations have
been examined, 0.01M, 0.1M, 1.0M, and
2.0M. Analysis of the simulation data will be presented (see Figure 1). Free en-
ergy calculations have been performed for transitions between different confor-
mations (i.e. PPII to alpha helix).Figure 1. Sodium ion distribution of an unblocked AEAAAEA peptide in the
a-helix conformation. The cyan isosurface represents the distribution of so-
dium ions in 1.0M NaCl solution (located near the C-terminus). The red isosur-
faces represent the sodium ion distribution in 2.0M NaCl solution.
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Rigorous Calculation of Free Energy Difference Between Open and Closed
States of Adenylate Kinase from Explicit Solvent Molecular Dynamics
Pavel I. Zhuravlev, Davit A. Potoyan, Michael Rubinstein,
Garegin A. Papoian.
Biological functions of proteins are closely connected to their dynamics in the
native state. These dynamics are governed by the protein’s native energy land-
scape. Therefore, constructing detailed maps of these landscapes is essential for
studying protein function and dynamics, especially, in more interesting cases of
allosteric proteins, molecular motors or enzymatic catalysis. One fundamental
approach to creating energy landscape maps is to start from measuring free
energy differences between a pair of protein conformations, for instance, two
allosteric states. Doing it in a computer simulation with explicit solvent is
a challenging problem, but recently we have developed a general method for
this purpose. Given two conformations of a polymer chain, our procedure
can calculate the free energy difference in a computationally efficient way.
The essence of the method is in a proper "reaction coordinate" that drives
the system from one conformation to the other one, and in a special confine-
ment potential which limits the phase space needed to be explored without af-
fecting the free energy difference. We have used the method on a small protein
Trp-cage as a proof of concept. Also we have calculated free energy difference
between the open and closed states of adenylate kinase with no ligand.
Although, this is a thoroughly studied enzyme both experimentally and in sil-
ico, the efforts to calculate free energy difference between the two allosteric
states have not yet achieved a final result.
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Title:Stability of Viral Capsids and their Epitopes Using Multiscale Simu-
lation
Srinath Cheluvaraja.
We investigate the stability of viral capsids and their individual pentamers us-
ing molecular dynamics and coarse-grained simulation methods. The multi-
scale character of the simulation is maintained by calculating thermal-
average forces and diffusion coefficients of coarse-grained order parameters.
Long-time simulations are performed for STMV capsid, HPV16 capsid, and in-
dividual pentamers belonging to these systems. The collapse transition of
STMV capsid is investigated by starting from a partially collapsed structure.
An individual pentamer of STMV is also studied for its stability in isolation.
Conformational epitopes of HPV16 capsid protein are compared with those
of the individual pentameric units. The additional stability of these epitopes
arising from the complete icosahedral structure is studied. The role of curvature
of the pentameric units in exposing epitope stabilizing residues is clarified. The
higher immunogenicity of HPV16 VLPs compared to their L1 pentamers can
be understood from the interactions between certain residues on the epitopes
and the L1 pentamer.
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Accurate Atomistic Modeling of Conformational Equilibria of Proline-
Rich Sequences
Aditya Radhakrishnan, Andreas Vitalis, Albert H. Mao, Adam T. Steffen,
Rohit V. Pappu.
Proline-rich regions (PRRs) are ubiquitous in biology. They occur as modules
for protein-protein interactions, as linkers, spacers, and bristles in intrinsically
disordered proteins, and as flanking sequences that modulate interactions of
aggregation-prone regions. Proline is unique in many respects: a conforma-
tionally restricted N-substituted imino acid, it lacks a hydrogen bond donor
and its peptide bond has a greater likelihood of sampling the cis isomer. Un-
der the assumption of persistent conformational rigidity, polyproline has been
used as a spectroscopic ruler for calibrating expectations from Forster reso-
nance energy transfer experiments. However, recent studies have raised ques-
tions regarding assumptions of conformational rigidity, specifically
concerning cis-to-trans ratios for prolyl peptide bonds in PRRs and its impli-
cations for intrinsic flexibilities of PRRs. Additional questions arise with re-
spect to the coupling between ring puckering and prolyl peptide bond
isomerization. Atomistic simulations can in theory shed light on this impor-
tant topic. However, simulations are plagued by difficulties on two fronts
viz., the inaccuracies of molecular mechanics parameters and the inaccessibil-
ity of cis-to-trans isomerization to traditional simulations that rely on the use
of molecular dynamics methods.
Here, we present a series of novel sampling moves in a Monte Carlo simulation
framework using the ABSINTH implicit solvation model. We use experimental
